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CONVERSION FACTORS, VERTICAL DATUM, DEFINITION, AND SELECTED
WATER-UNIT RELATIONS

Conversion Factors

Multiply By To obtain
acre 0.4047 hectare

acre-foot (acre-ft) 1,234 cubic meter
acre-foot per year (acre-ft/yr) 1,234 cubic meter per year

mile (mi) 1.609 kilometer
square mile (mi2) 259.0 hectare

2.590 square kilometer

Vertical Datum
Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived

from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of
1929.

Definition
An acre-foot is the quantity of water required to cover 1 acre to a depth of 1 foot.

Selected Water-Unit Relations

1 gallon = 8.3453 pounds
1 million gallons = 3.07 acre-feet
1 thousand acre-feet per year = 1.121 million gallons per day
1 cubic foot = 62.4 pounds
1 cubic foot = 7A8 gallons
1 acre-foot = 325,851 gallons
1 acre-foot = 43,560 cubic feet
1 kilowatt = 0.7457 horsepower
1 kilowatt hour = 0.000293 British Thermal Units
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Drainage-Return, Surface-Water Withdrawal, .and
Land-Use Data for the Sacramento-San Joaquin
Delta, with Emphasis on Twitchell Island, California
By William E. Templin and Daniel E. Cherry

ABSTRACT acres), and grain and hay crops increased by 340
percent (about 71,000 acres). For Twitchell Island,

Partial data on drainage returns and surface-native vegetation decreased about 77 percent
water withdrawals are presented for areas of the(about 850 acres), while field crop acreage
Sacramento-San Joaquin Delta, California, forincreased by about 44 percent (about 780 acres).
March 1994 through February 1996. These areas
cover most of the delta. Data are also presented for
all drainage returns and some surface-water with-INTRODUCTION
drawals for Twitchell Island, which is in the west-
ern part of the delta. Changes in land use between The Sacramento-San Joaquin Delta of California
1968 and 1991 are also presented for the delta,is an are.a.consisting of about 738,000 acres of islands

Measurements of monthly drainage returnsand channels (fig. 1) that receive runoff from about 40

and surface-water withdrawals were made usingpercent of the State’s land area (California Department
of Water Resources, 1993). About 500,000 acres of theflowmeters installed in siphons and drain pipes on
delta is agricultural land, much of which is below sea

~ Twitchell Island. Estimates of monthly returnslevel and is dependent on levees for protection from
throughout the delta were made using electricflooding. The delta is part of California’s water-
power-consumption data with pump-efficiency-delivery system, which stores water in reservoirs north
test data. For Twitchell Island, monthly measuredand south of the delta and delivers irrigation water to

,. drainage returns for the 1995 calendar year totaledmillions of acres of farm land south of the delta and
about 11,200 acre-feet, whereas drainage returnsdrinking water to two-thirds of the State’s population.
estimated from power-consumption data totaled 5Many of California’s water issues involve delta water
percent less at about 10,600 acre-feet. Monthly’ use issues.
surface-water withdrawals onto Twitchell Island In 1993, a cooperative study of the Sacramento-
through 12 of the 21 siphons totaled about 2,400San Joaquin River Delta was started by the U.S. Get-
acre-feet for 1995. For most of the delta, the logical Survey (USGS) and the California Department

monthly estimated drainage returns for 1995 of Water Resources (DWR), Division of Local Assis-

totaled about 430,000 acre-feet. The area consist-tance, Municipal Water Quality Investigations Section,
and Division of Planning, Delta Modeling Section. The

ing of Bouldin, Brannan, Staten, Tyler, and Venicepurpose of the study was to update drainage-return data
Islands had the largest estimated drainage returnsfor delta islands, to quantify surface-water with-
for calendar year 1995. drawls, and to compile digitized land-use data needed

Between 1968 and 1991, native vegetationto improve DWR’s model of consumptive use on the
in the delta decreased by 25 percent (about 40,000delta islands.
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Figure 1. Locations of the Sacramento-San Joaquin Delta and of the withdrawal siphons and the drain site on Twitchell
Island.
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The methods used for the drainage study are sim-ell Island’s drainage returns, DWR collected weekly
ilar to the methods used during a study by the Califor-drainage-return and electric power-consumption data
nia Department of Water Resources (1956). Since at its one drain site (fig. 1). Independently, USGS col-
1956, the need for more current water-use informationlected monthly drainage-return and electric power-
has increased with increased concerns about water andconsumption data at the Twitchell Island drain site and
land use in the delta and the effects of these uses on theobtained monthly power-consumption records from
quality and quantity of water available from the delta.Pacific Gas and Electric Company (PG&E). USGS
Knowledge of water consumption in the delta is neededused this power-consumption data with pump-
to estimate freshwater discharge to San Francisco Bay.efficiency-test data provided by PG&E, Twitchell
Agricultural drainage pumped off the islands into deltaIsland Reclamation District, and DWR to make addi-
channels contains natural organic chemicals that formtional drainage-return estimates.
carcinogens (such as trihalomethanes) when the water
is chlorinated for municipal use. Island drainage also
introduces pesticide residues into the habitat of Measurement Using Flowmeters
threatened fish species. The drain on Twitchell Island was equipped with

The objectives of this study were to estimatea flowmeter during this study; it is the only drain site of
drainage returns using electrical power-consumptionthe 236 drains (fig. 3) in the PG&E data base known to
data, to measure selected surface-water withdrawals, tobe equipped with a flowmeter. Thus, drainage returns
digitize land-use maps for 1968, and to compare thewere measured at this drain site. McCrometer invasive
1968 maps with the digital land-use maps available forflowmeters with straightening vanes were used to mea-
l991. The study involved estimating drainage returnssure flows discharged by the main pump and the auxil-
for 236 drains with electrically powered pumps, quan-iary pump at the drain site. These flowmeters are
tifying surface-water withdrawals at 12 of the reported to have an absolute relative error of less than
1,800 surface-water withdrawal sites, and digitizing2 percent (Schwankl and Hanson, 1993, p. 6). The data
the 1968 land-use maps. Twitchell Island was selectedwere obtained by manually recording dial readings and
for intensive monitoring of drainage returns and calculating cumulative flows. Electric power-
surface-water withdrawals because it is owned by consumption readings were also manually recorded
DWR and because one of the withdrawal siphons onduring each visit.
the island was already being measured. DWR recorded weekly drainage returns for

The purpose of this report is to present data onTwitchell Island between August 1994 and January
delta drainage returns and surface-water withdrawals1996 (table 1). USGS recorded monthly drainage
collected between March 1994 and February 1996, areturns within 1 day of the first day of each month
tabulation of changes in delta land use between 1968(table 2). Drainage returns pumped from Twitchell
and 1991 for the areas of DWR’s consumptive-useIsland during 1995 totaled 11,232 acre-ft (table 2). The
model, and methods used to obtain these data. largest monthly drainage returns during 1995 were

The authors gratefully acknowledge the assis-pumped during January and March (2,499 and 1,926
tance of personnel from other agencies and companiesacre-ft, respectively), and the smallest monthly total
who have contributed to this study. In particular, wereturns were pumped during September, October, and
would like to recognize Rick Carter, Linda Carter, andNovember (323, 298, and 340 acre-ft, respectively)
Joe DaCruz, Reclamation District 1601; Todd Bruce(table 2).
and Michael Menard, Pacific Gas and Electric Com-
pany; K_im Robinson, Electronic Engineering; Leonard
Kirkpatrick, Kirkpatrick & Associates; and Ted Mayer,I=stimates Using Eleetr|e Power-
Sharman Incorporated. Consumption Data

Drainage returns can be estimated using electric
DRAINAGE RETURNS power-consumption data with pump-efficiency-test

data. PG&E maintains a pump-efficiency-test data base
To prevent flooding of the delta islands, drainagethat includes 58 of 236 drains in the delta for which

returns--which are a combination of precipitation,they have electric power-consumption records. Addi-
seepage, unconsumed irrigation water, and surface-tional drains may operate in the delta, but a complete
water withdrawals for other uses--are pumped intoinventory of the drains in the delta was beyond the
adjacent channels (fig. 2). To obtain a record of Twitch-scope of this study. At the time of this study, the data
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Figure 2. A schematic of a drainage-return site and a surface-water withdrawal siphon similar to those on Twitchell Island in
the Sacramento-San Joaquin Delta, California.

base contained data on 220 pump-efficiency te~ts donep. 7) or the coefficient of power method (Ogilbee and
at the 58 drains. USGS acquired the power recordsMitten, 1970, p. 7) was used to estimate drainage
from PG&E with an agreement that the records wouldreturns from the power-consumption data. The
be released only after being aggregated into areas moreequation has the form
than 36 mi9-. For Twitchell Island, USGS computed
monthly drainage-return estimates using power- pumpage (acre-feet) = power (kilowatt hours)/unit-us~
consumption data collected during site visits withcoefficient (kilowatt hours per acre-foot).
PG&E pump-efficiency data.

The unit-use coefficient is determined by conducting

Methods pump-efficiency tests during which pumpage and
power consumption are measured. The unit power-

An empirical equation called the unit power- consumption method is the most convenient method o:
consumption method (Diamond and Williamson, 1983,estimating pumpage because the needed data are
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D--031 41 0
D-031410



122°00’ 121°45’ 121°30’ 121°15’

¯ ’~ Sacramento EXPLANATION

d¯ A      : ~
[] DELTA LOWLANDS

¯" ~ [] DELTA UPLANDS

¯ [] WATERWAYS

C, ONSUMPTIVF_#USE
o . MODEL BOUNDARY

t j-.I ¯           -                    , .... AREA BOUNDARY

,’-’l .’
i drain-pump site

¯ With pump-test data

and measured flow data

38°00’ -- --

Note:. Numbers represent aggregated
areas of the delta island =o 1 ~J".consumptive-use model

Drains outside the boundary of
the delta island consumptive-use

°

model are used to pump water

delta lowlands and uplands

0 5 10 KILOMETERS
°°----"~A

F~ure 3. Locations ol the return drains in th~ Sacramento-San doaquin Delta, eaiIornia, an6 of the a~regat~d areas
Gailornia Department ol Water Flesoumes’ 6elta island e~nsum~tive-use mo6el. Boun6ari~s o~ areas ~eneraly are the
channels.

Dmlnage Returns 5

D’031411
D-031411



Table 1, Drainage returns from Twitchell Island in the Sacramento-San Joaquin Delta measured weekly by the Califomia
Department of Water Resources, August 9, 1994, to January 8, 19961

[Values, in acre-feet, are the differences between successive readings of cumulative flows. NR, not read]

Date meter Date meter
was read East pump West pump Total was read East pump West pump Total

08/09/94 67.32 282.75 350.07 05/01/95 0 112.50 112.50
08/16/94 NR NR NR 05/08/95 67.48 96.55 164.03
08/23/94 65.95 329.59 395.54 05/15/95 50.14 104.18 154.32
08/30/94 19.04 117.75 136.79 05/22/95 2.67 143.28 145.95

05/29/95 0 157.26 157.26
09106/94 17.37 95.59 112.96
09/13/94 15.98 128.59 144.57 06/05D5 3.46 115.00 118.50
09/20/94 20.80 156.33 177.13 06/12/95 10.80 110.59 121.39
09/27/94 20.24 153.54 173.78 06/19/95 16.92 110.55 127.47

06/26D5 4.67 134.16 138.83
10/05/94 28.34 182.99 211.33
1 0/11/94 20.11 127.87 147.98 07/03/95 .27 143.92 144.19
10/17/94 14.06 103.58 117.64 07/I0/95 0 114.22 114.22
10/26/94 33.51 69.50 103.01 07/17/95 0 145.04 145.04

07/24D5 0 157.27 157.27
11/02/94 3.80 73.66 77.46 07/31/95 0 225.91 225.91
l 1/09/94 0 101.64 101.64
11/16/94 0 111.43 111.43 08/07/95 0 206.58 206.58
11/23/94 0 106.94 106.94 08/14/95 0 210.03 210.03
11/30/94 0 122.12 122.12 08/21/95 0 205.90 205.90

08/28/95 0 173.57 173.57
12/07/94 .10 141.97 142.07
12/14/94 .00 156.98 156.98 09/05/95 0 135.69 135.69
12/21/94 .13 199.69 199.82 09/11/95 0 69.04 69.04
l 2/28/94 NR NR NR 09/18/95 0 72.194 72.00

09/25/95 21.59 46.98 68.57
01/04/95 115.06 538.40 653.46
01/11/95 213.27 287.17 500,44 10/02/95 43.06 29,53 72.59
01/18/95 267.25 297.04 564.29 10/10/95 25.57 47.03 72.60
01/25/95 261.30 298.15 559.45 10/16/95 27.39 38,49 65.88

10/23/95 4.16 56.00 60.16
02/01/95 252.60 300.25 552.85 10/30/95 NR NR NR
02/08/95 68.74 303,86 372.60
02/15/95 12.71 282.78 295.49 11/06/95 32.36 116.49 148.85
02/22/95 14.07 274,10 288,17 11/14D5 NR NR NR

11/20/95 63.53 89,45 152.98
03/01/95 .39 213.76 214,15 11/27/95 0 74.73 74.73
03/08/95 61.26 279.53 340.79
03/15/95 213.30 321.45 534.75 12/04/95 55.60 24.96 80.56
03/22/95 125.35 299.82 4..25 17 12/1105 NR NR NR
03/29/95 226.37 330.73 557.10 12/18/95 119.65 191.67 311.32

04/05/95 .11 207.22 207.33 01/08/95 66.57 711.60 778.17
04/12/95 .25 177.72 177.97
04/19/95 6.91 161.85 168.76
04/26/95 .20 163.79 163.99 Total 2,781.78 11,870.38 14,652.16

IBecause of differences in periods of record, monthly totals for these meter readings may not agree with totals in table 2. However, the total for August 1994
through December 1995 agree (14,652 acre-feet).

usually available (Ogilbee and Mitten, 1970, p. 7; the Twitchell Island Reclamation District, 50 kilowatt
Diamond and Williamson, 1983, p. 7). hours per acre-ft, was used with USGS records of elec-

For Twitchell Island, the mean unit-use coeffi- trical power consumption for the Twitchell Island drain.
cient for all PG&E pump-efficiency tests provided by to calculate drainage returns. For the 58 drains in the

6 Drainage-Return, Surface-Water Withdrawal, Land-Use Data for Sacramento-San doaquin Delta, Emphasis on Twitclaell Island
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"l’al~|e 2. Drainage returns from Twitchell Island in the Results
Sacramento-San Joaquin Delta, California, measured
monthly by the U.S. Geological Survey, August 1994 Drainage returns from Twitchell Island were
through January 1996 estimated using both USGS and PG&E power-

consumption records for the drain (table 3, fig. 5). Both
[Values are in acre-feet] USGS and PG&E power-consumptio_n records indicate~

Month West pump East pump Total that the total drainage-return estimates for 1995 was
about 10,600 acre-ft. The total for estimated returns

1994 was about 5 percent less than the total for the measured
August 743 155 898 returns (about 11,200 acre-ft). Monthly drainageSeptember 590 82 672
October 477 89 566 returns for 1995, estimated from USGS power-
November 469 0 469 consumption records, ranged from 14 percent less than
December 815 0 815 the measured returns in April to almost 4 percent more

Total ~ ~ ~ than the measured returns in December (table 3). Dif- ~
1995 ferences between the estimated mon~t.hly drainage ~

January 1,390 1,109 2,499 returns generated from USGS and DWR power- --
February 1,074 96 1,170
March 1,300 626 1,92~ consumption records probably result primarily because.
April 756 7 763 of different intervals between the meter reading_s. The
May 535 121 656 most notable difference was in March 1995 (fig. 5); this
June 521 36 557 large difference occurred because the meter had notJuly 736 0 736
August 846 0 846 been read by PG&E since December i994.
September 265 58 323 Monthly drainage returns were estimated for the
October 227 71 298 236 drains in the delta using PG&E power-November 224 116 34~
December 903 214 ll_.,L18 consumption data for January 1995 through February

Total 8,777 ~ - ~.~ 1996. The estimates for the 236 drains were aggregated

Total for 1994-95 11,-Y’3"7i- ~--~/-~7 14,65;f intO 62 of the 142 subareas in DWR’s delta island con-
sumptive-use model; these 62 subareas cover most of

1996 the delta (the shaded areas on fig. 6). To meet a confi-
January 1,007 326 1,333 dentiality agreement with PG&E, which restricts the

Total for period of ~ ~ ~ releasing of pumping data for individual accounts or
record for areas of less than 36 mi2, the estimates for the drain-

age returns were then aggregated into 17 areas for
delta with pump-efficiency-test data, the mean unit-usereporting (table 4): the 15 areas within the delta island
coefficient for each drain was used with PG&E power-consumptive-use model area, which represent the delta
consumption records to calculate drainage returns,lowlands; the delta upland area; and the area just out-
These coefficients ranged from a high of 83 kilowattside the boundary of the delta island consumptive-use
hours per acre-ft to a low of 18 kilowatt hours per model (fig. 3). (The drains outside the delta island con-
acre-ft. For the remaining 178 drains in the delta forsumptive-use model boundary are used to pump water
which no pump-efficiency-test data were available,~ into the channels that serve the delta lowlands and
using pump horsepower to infer a unit-use coefficientuplands and thus were used for this st__udy.) The data
was considered. However, coefficient-horsepower were aggregated using ARC/INFO (fig. 6). Of the 236
plots of the 220 pump-efficiency-test results indicateddrains with power-consumption data, 215 of the drains
that the correlation of the data in the present pump-are in the 62 subareas, with 91 of the drains in the delta
efficiency-test data base is poor (fig. 4). Therefore, theuplands; the remaining 21 drains are outside the model
mean unit-use coefficient of all pump tests in the pump-boundary. Area 2 is the only aggregated area for which
efficiency-test data base,-40.6 kilowatt hours per acre-there were no power-consumption data available to
ft, was used with the power-consumption data to calcu-make drainage estimates.
late drainage returns for the remaining 178 drains. Area 6 (fig. 3), which consists of Bouldin, Bran-
Drainage-return estimates were aggregated into largernan, Staten, Tyler, and Venice Islands, had the largest
areas using the geographic information system, ARC/estimated drainage returns (about 73,000 and 96,400
INFO. acre-ft for calendar year 1995 and for the period
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Figure 4. Horsepower ratings of pumps as related to unit-use coefficients derived from pump-efficiency tests for drains in the
Sacramento-San Joaquin Delta, California.

January 1995 through February 1996, respectively,available, data on the time histories of pipe openings
table 4). The 1995 estimate for area 6 was about 17 per-and tides would also be needed to estimate the quanti-
cent of the total estimated drainage returns (430,000ties of water withdrawn by a siphon. Instead of record-
acre-ft) for the delta and about 18 percent of the totaling pipe openings and tides, USGS and DWR used
estimated drainage returns (about 537,000 acre-ft) forflowmeters to measure withdrawals onto Twitchell
the period January 1995 through February 1996. Island for 12 of the 21 siphons.
Monthly drainage-return estimates were largest in
March 1995 (about 61,900 acre-ft) and smallest in Methods
November 1995 (about 11,200 acre-ft). Drainage-
return estimates were also large in August 1995 and At the time of this study, DWR (Environmental
January and February 1996 (about 53,100; 50,600; andServices Office) and the California Department of Fish
55,100 acre-ft, respectively) (table 4). and Game were using McCrometer flowmeters in a

study of the effectiveness of fish screens on siphons in
the delta, including siphon 16 on Twitchell Island (fig.

SURFACE-WATER WITHDRAWALS ONTO 1). Eleven additional McCrometer flowmeters wereTWITCHELL ISLAND installed on the siphons on Twitchell Island for this
Water is siphoned from the channels of the deltastudy. The flowmeters were operated by DWR and

over the levees onto the islands (fig. 2). The hydraulicUSGS. The data were obtained by manually recording
properties of each siphon and the opening of the deliv-dial readings and calculating cumulative flows.
cry end of the pipe control the flow rate through each
siphon. Although the hydraulic properties of a siphonResults
can be readily estimated, doing so for a large number of
siphons is a laborious task that had not been done at the DWR recorded flowmeter readings weekly
time of this study. Even if hydraulic information werebetween August 9, 1994, and January 8, 1996 (table 5)

8 Drainage-Return, Surface-Water Withdrawal, Land-Use Data for Sacramento-San Joaquin Delta, Emphasis on Twitchell Island
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Table 3. Drainage returns from Twitchell Island in the Sacramento-San Joaquin Delta, California, estimated and measured
monthly by the U.S. Geological Survey, August 1994 through January 1996
[Values are in acre-feet. USGS, U.S. Geological Survey; PG&E, Pacific Gas and Electric Company]

Difference Difference
Estimated Estimated between betweendrainage drainage Metered estimated Percent estimated Percent

returns returns drainage returns difference returns difference
Month using data using data returns (USGS data)

A - CX 100

(PG&E data) ]~ -- ~x 100
collectedUsGS by from PG&E (C) and metered C and metered C

(A) (B) returns returns
(A - C) (B - C)

1994
August 743 0 898 - 155 - 17.3 -898 - 100.0
September 599 855 672 -73 -10.9 183 27.2
October 512 1,289 566 -54 -9.5 723 127.7
November 391 1,319 469 -78 -16.6 850 181.2
December 698 741 815 -117 -14.4 . -74 -9.1

Total (excludes per-
~ ~ ~ ~ -13.9 ~’~ 22.9

centages)

1995
January 2,489 0 2,499 -10 -0.4 -2,499 -100.0
February 1,077 0 1,170 -93 -7.9 -1,170 -100.0
March 1,809 6,239 1,926 -117 -6.1 4,313 223.9
April 653 0 763 -110 -14.4 -763 -100.0
May 586 1,205 656 -70 -10.7 549 83.7
June 483 0 557 -74 -13.3 -557 -100.0
July 647 1,039 736 -89 -12. i 303 41.2
August 751 796 846 -95 -11.2 -50 -5.9
September 317 0 323 -6 -1.9 -32~ - 100.0
October 296 288 298 -2 -0.7 -10 -3.4
November 349 354 340 9 2.6 14 4.1
December 1.160 663 1,118 42 3.8 -455 -40.7

Total (excludes per- ~ ~ ~-~ ~ -5.5 ~ -5.8
centages)

1996
January              1,457 1,812 1,333 124 9.2 479 35.9

TOTAL (excludes 15,017 16,600 15,985 -968 -6.1 615- 3.8
percentages)

7,000 I I 1 t I I
~ Estimated drainage return

6,000 - (U.S. Geological Survey data)

~
~ Estimated drainage return

,,, (Pacific Gas and Electric Company
ur, 5,000 - data)
m ]----I Measured drainage return
o (U.S. Geological Survey)
z_ 4,000 -

~" 3,000 --

~, 2,000 --           --

1,000 --

o
Aug Sept Oct Nov Dec Jan Feb Mar Apt May June July Aug Sept Oct Nov Dec Jan

1994                                   1995                            1996

Figure 5. Estimated and measured monthly totals for drainage returns from Twitchell Island in the Sacramento-San Joaquin
Delta, California, August 1994 through January 1996. Estimates were made by the U.S. Geological Survey using U.S.
Geotogical Survey and Pacific Gas and Electric Company data.
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Figure 6. Subareas of the California Department of Water Resources’ delta island consumptive-use model for the
Sacramento-San Joaquin Delta, California.
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Table 4, Drainage returns estimated monthly for aggregated areas of the California Department of Water Resources’ delta
island consumptive-use model for the Sacramento-San Joaquin Delta, California, January 1995 through February 1996

[Area 2 is omitted because no power-consumption data were available. Values are in acre-feet. Area boundaries am shown on figure 3]

Aggregated area

~ 1 3 4 5 6 7 8 9
Number of pumps (21 ~ 2 5 4 2 9 ,’fi6~ 6 13

1995
January 5 0 1,037 0 0 3,086 37 95 184
February 59 0 953 1,638 1,205 6,233 2,523 173 1,047
March 4 0 838 591 2,472 19,409 2,310 6,374 225
April 90 384 1,413 1,756 288 3,254 2,251 163 2,098
May 301 0 329 726 472 9,545 834 13,463 2,246
June 538 0 294 4,487 671 5,046 885 525 2,095
July 323 0 164 406 1,156 4,573 1,345 2,425 3,436
August 538 0 182 490 1,261 8,957 26 2,865 3,614
September 555 0 109 8 0 1,634 0 0 62
October 233 0 9 216 157 1,910 41 391 1,438
November 115 0 13 0 145 2,217 45 662 188
December 8 0 50 152 264 7,313 187 ~ 372

Total ~ 38-~ ~ ~ ~ 73,177 10,-O-,-,-,-,-,-,~

1996
January 25 0 276 404 437 13,432 208     3,451      210
February 41 0 688 1,146 1.295 9.838 538     ~ 487

Tota}. ~ ~ ~ 1,550 ~ ~

ror            2,835
Aggrega~a~ea ~

"~l.., 4./f¢>/.d~ ’
10 11 12 13 ~ ~ Total

1995
January 8,383 4,907 7,115 7,832 3,627 611 744 37,663
February 6,941 2,681 5,262 11,689 3,626 116 1,385 45,531
March 10,683 6,227 4,865 3,851 1,297 1,429 1,280 61,855
April 5,367 2,441 5,620 10,253 3,586 316 2,859 42,139
May 3,953 1,010 1,409 2,998 3,277 1,433 3,198 45,194
June 3,542 2,196 2,063 2,570 2,596 729 5,066 33,303
July 7,133 4,278 2,082 , 1,754 4,015 1,123 4,781 38,994
August 7,529 3,844 6,062 6,612 4,368 922 5,816 53,086
September 5,197 1,784 2,809 2,882 3,879 446 4,595 23,960
October 2,594 582 1,623 1,905 1,875 402 2,824 16,200
November 1,971 592 1,896 1,927 705 114 614 11,204
December 4,286 3,000 1,547 1,78~ 303 4 ~=~.7_.,~ 22,050

Tot~1 ~ ~ ~,353 ~ ~
~) ~ : ~ ...........

1996
January 4,361 4,635 8,024 10,876 3,266 473 486 50,564
February 12,391 6,252 4,963 7,701 3,841 865 1,199 55,073

Total ~ ~ ~ ~ ~ ~

~Area outside the delta uplands and lowlands.
2Delta uplands.
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Table 5. Surface-water withdrawals from the 12 metered siphons on Twitchell Island in the Sacramento-San Joaquin Delta, Califomia, measured weekly by the
California Department of Water Resources, August 9, 1994, through January 8, 199.6

[Vahes am in acm.fcct. NR, not mad; -, no data. Because of different periods of rccoz~ ~ t~s w~ not a~ ~ to~ f~ ~ ~ ~1o ~

Siphon number andflowmeter number
Date meter Total
w~s read No. ~,     No. 3,     No. 4, No. 6, No. 7,     No. 8,    No. 11,    No. 12~No. 16~    No. 17,    No. 19, No. 20,

95-981-12 95-983-8 94-4586-12 94-514208 95-985-16 95-980-10 95-987-18 95-982-1292-1612-7 94-4559-24 95-986-16 95-984-.16

08/09194 ..... NR ....... 25.06 26.71 - - 51.77

08116/94 ..... NR ..... 11.23 NR -- - 11.23

08/23/94 ..... NR ...... 18.58 26.02 -- - 44.60

08/30/94 ..... NR .... " .... 6.26 0 - - 6.26

09/06/94 ..... N-R ....... NR 0 - -- 0

09113194 ..... NR ...... 6.34 0 - - 6.34

09120/94 NR -- NR 0 - -- 0

09127194 ..... 0.02 ....... 0 0 - - .02

10/19/94 ..... 0 ....... 6.77 0 -- - 6.77

10/26/94 ...... 0 ...... 0 0 - - 0

11/02/94 .... 0 ...... 0 0 - - 0

11109194 ..... 0 ..... 0 0 -- - 0

11/25194 - - - 0 ........ 0 0 - - 0

11/30/94 ...... 0 ....... 0 0 - - 0

12/07/94 .... 0 .... 0 0 - - 0

12/14/94 ...... 0 ..... 0 0 .... 0

12/21/94 ..... 0 ....... 1.64 0 -- - 1.64

01/04/95 ..... 0 ........ 0 0 -- - 0

01/11/95 ..... NR ....... 0 0 - -- 0

01/18/95 ..... 0 ....... 0 0 - -- 0

01/25/95 ...... 0 ........ 0 0 -- - 0

02/15/95 .... 0 ........ 0 0 - - 0

02/22/95 - - - 0 ....... 0 0 - - 0



Table 5. Surface-water withdrawals from the 12 metered siphons on Twitchell Island in the Sacramento-San Joaquin Delta, California, measured weekly by the
California Department of Water Resoumes, August 9, 1994, through Januanj 8, 1996--Continued

Siphon number and flowmeter number

Date meter Total
was read No.2,     No.3,     No.4, No.6, No.7     No.8,     No.H,    No. 12,No. 16, No. 17, No. 19,    No. 20,

95-981-12 95-983-8 94-4586-12 94-5142-0895-985-16 95-980-10 95-987-18 95-982-1292-1612-794-4559-2495-986-16 95-984-16

03/01/95 ..... 0 ........ 0.54 0 .... 0.54
03/08/95 .... 0 ...... 0 0 -- - O
03115/95 ...... 0 ......

NR 0 -- - 0
03122/95 .... 0 ....... NR 0 .... 0
03129195 .... 0 ...... 0 0 .... 0

04/05/95 .... NR ....... 0 0 .... 0
04/12/95 .... 0 ....... 0 0 -- - 0
04/19/95 .... NR ...... 0 0 .... 0
04/26/95 .... NR ....... 0 0 .... 0

05101195 ....
NR ....... 0 0 .... 0

05/08/95 ...... NR ...... 0 0 - - 0
05/15/95 --. ..... NR ....... NR N-R - - 0
05122/95 .... 0 ........ 0 0 -- - 0 03
05/30/95 ..... 0 ....... 0 0 .... 0

I06/05/95 ..... NR ....... 5.96 0 -- - 5.96
06/12/95 - - - NR ...... 4.99 0 .... 4.99 i~1
06/19/95 NR 0 0 0 0 0 36.42 0 5.10 0 0 0 41.52
06/26/95 0 N~. NR 0 NR: 0 77.49 NR 4.52 0 0 NR 82.01

07/03/95 0 0 0 0 0 0 74.57 NR 11.39 0 0 .02 85.98
00110195 0 0 0 0 0 4.30 55.06 N-R. 0 0 0 .01 59.37
07117/95 0 .40 0 0 0 18.67 77.85 0 12.16 0 0 0 109.08
07/24/95 0 0 0 0 0 22.84 122.07 0 11.49 0 46.05 0 202.45
00131195 0 .07 .01 0 0 30.41 145.29 0 34.07 0 36.76 0 246.61

08/07/95 0 NR NR NR NR NR NR NR .13 0 12.34 3.30 15.77
08/14/95 0 40.44 42.53 0 0 32.73 207.42 .04 35.53 1.74 0 1.93 362.36
08/21/95 0 15.49 22.79 0 0 27.20 50.53 0 22.85 53.06 102.00 .03 294.02
08128/95 0 30.42 0 0 NR 22.99 96.03 0 27.02 50.46 24.70 3.27 254.89



Table 5. Surface-water withdrawals from the 12 metered siphons on Twitchell Island in the Sacramento-San Joaquin Delta, California, measured weekly by the
Calilomia Department of Water Resoumes, August 9, 1994, through Januar~ 8, 1996--Continued

Siphon number and flowmeter number
Date meter Total
was read No. 2, No. 3, No. 4, No. 6, No. 7 No. 8, No. 11, No. 12, No. 16,    No. 17, No. 19, No. 20,

95-981-12 9~-983-8 94-4586-12 94-$142-0895-985-16 95-980-10 95-987-18 95-982-12 92-1612-7 94-4559-2495-986-16 95-984-16

09/05/95 0 16.45 0 0 0 16.73 58.25 0 25.38 0.99 0 0 117.817
09/11/95 0 0 0 0 0 0 22.61[ 0 .11 0 0 0 22.’/2
09/18/95 0 0 0 0 0 0 0 0 0 0 0 0 0
09/25/95 0 0 0 0 0 0 0 0 0 0 0 Nil 0

10102/95 0 0 0 0 0 0 0 0 0 0 0 .11 .11
10/10/95 0 0 0 0 0 0 0 0 0 0 0 0 0
10/16/95 0 Nit Nit Nit NR Nil Nil Nil NR NR NR NR 0
10/23/95 0 0 0 0 0 0 0 0 0 0 0 0 0
10/30/95 0 0 0 0 0 0 0 0 0 0 0 0

11106/95 0 NR ~ NR NR NR NR NR NR 0 0 0 NR 0
11114/95 0 NR NR NR NR NR NR NR NR NR NR NR 0
11/20/95 0 NR Nil NR Nil Nit Nil Nil 0 0 0 NR 0
11127/95 0 0 0 NR 0 NR 0 NR 0 0 0 NR 0

12/04/95 0 0 0 NR NR 0 0 0 0 0 0 NP. 0
12/11/95 0 0 NR NR NR NR NR NR NR NR NR NR 0
12/18/95 0 0 0 0 0 Nit 0 0 0 0 0 NR 0

01/08/96 0 0 0 0 0 0 0 0 0 0 399.45 NR 399.45



for the 12 metered siphons on Twitchell Island, and Land use during 1991 was mapped and digitized
USGS recorded readings monthly between March by DWR, and an ARC/INFO coverage was created by
1994 and January 1996 (table 6). Measured the California Department of Pesticide Regulation.
surface-water withdrawals were largest during July andThese 1991 data were compared with the 1968 data.
August 1995. Because 9 of the 21 siphons on the islandDelineations of subareas of DWR’s delta island
were not measured, it is not known if total monthlyconsumptive-use model (California Department of
withdrawals for Twitchell Island were also largest dur-Water Resources, 1995) were used to create the cover-
ing July and August. age of the subareas (fig. 6) used in this study to aggre-

Withdrawals at siphon 16 totaled more than 400gate land use and drainage returns.
acre-ft during a 23-month period of record and more Quality-assurance checks included automated
than 200 acre-ft for calendar year 1995 (table 6). Atanalyses done within ARC/IN-FO at the time the maps
siphons 6 and 17, measured withdrawals were 0 andwere digitized and visual comparisons between the
170 acre-ft, respectively, for an 18-month period oforiginal copies and the digitized maps. In addition, dif-
record. At siphon 17, more than 100 acre-ft was ferences were calculated between the digitized and the
siphoned during calendar year 1995; siphon 6 was notactual locations of the corners of the 7.5 minute topo-
used during the 18-month period of record, graphic quadrangle maps to estimate the error

The remaining nine metered siphons had 8- introduced in digitizing the paper maps.
month periods of record (table 6). Siphons 11 and 19 The 34 individual land-use coverages for 1968
had the largest recorded withdrawals. Withdrawals atwere combined into a single coverage for the entire
siphon 11 totaled more than 1,000 acre-ft between Junestudy area. The coverages for 1968 and 1991 were
and September 1995, with recorded monthly values ofcombined with the coverage of DWR’s delta island
about 440 and 370 acre-ft for July and August 1995,consumptive-use model, and land-use acreages were
respectively. Siphon 19 had the largest recorded then tabulated by subarea. The land-use attributes used
monthly value, about 450 acre-ft, during Decemberfor the 1991 coverage were also used with the 1968
1995; however, this monthly value includes the readingdata. The aggregated data are limited because the map-
for the first 10 days of January 1996. The Decemberping of the 1968 data was less detailed and less
reading was not made until January 9 or 10, 1996.complete than the 1991 data.
Withdrawals at the nine remaining metered siphons
ranged from 0 acre-ft at siphons 2 and 7 to about 180Results
acre-ft at siphon 8.

The differences among the 34 quadrangles digi-
tized for 1968 land use were, for the most part, within

LAND USE the standard of 0.005, with differences ranging from
0.001 to 0.018. This variability is attributed primarilyLand-use maps for 1968 were digitized and com-

pared with digital land-use maps available for 1991.to the use of paper copies of the maps, which are not
Scale stable. This degree of variability, however, wasChanges in crop acreages between 1968 and 1991 were

identified, and the crop types were aggregated into theacceptable for the purposes of this report
subareas of DWR’s delta island consumptive-use Annual land-use data for 1968 and 1991 were
model. ~aggregated by subareas of DWR’s delta island

consumptive-use model for comparison (table 7). The

Methods changes in acreage totals for land uses throughout the
delta between 1968 and 1991 indicate that native veg-

DWR used USGS 7.5-minute topographic quad-etation decreased by 25 percent (39,945 acres), from
rangle maps to map land use in the delta in 1968 using159,259 acres to 119,314 acres, and grain and hay
their standard mapping methods (California Depart-crops increased by 340 percent (71,452 acres), from
ment of Water Resources, 1971). DWR provided 21,034 acres in 1968 to 92,486 acres in 1991 (table 7).
USGS with full-size paper copies of these maps fromField-crop acreage on Twitchell Island (subarea 42, fig.
which land-use coverages were created. USGS digi-6) increased by 44 percent (782 acres), from 1,787
tized the land-use maps, quality assured the data, andacres in 1968 to 2,569 acres in 1991, and native vege-
aggregated the data into subareas (fig. 6) of DWR’station decreased 77 percent (855 acres), from 1,115 to
delta island consumptive-use model using ARC/INFO.260 acres between 1968 and 1991 (table 7).
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Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California

[Values are in acres. <, actual value is less than shown]

Subarea

Land use 1 2 3 4 5

1968 1991 1968 1991 19,68 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 208 513 0 0 1,691 1,91M 240 176 238 381
Grain and hay crops 980 675 918 425 0 4,579 <1 546 0 890
Field crops 2,476 3,367 1,953 5,739 7,288 6,471 1,501 890 2,478 846
Truck and berry crops 5,125 2,740" 7,353 2,291 2,969 1,849 774 1,716 1,075 777
Pasture 2,450 3,97.4, 2,519 4,403 1,749 1,048 3,076 2,134 242 548
Vineyards 0 0 0 0 0 0 76 0 0 1,093
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 38 0 8 0 0 0 382 0 25
Semiagdcultural 28 75 50 77 0 174 <1 108 0 69
Native 502 390 960 809 3,146 778 1,766 819 879 308
Urban 0 10 0 0 85 153 86 1,053 0 23
Undesignated 13 1 2 0 0 0 145 <1 0 3

Total acres ]T,782 .~ ~ ~. ~ ~ ~ 7,824 4,912
Double-crop acres 0 0 0 0 0 27 0 159 0 51

Subarea

Land use 6 7 8 9 10

19,68 ~ 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 19 0 0 0 0 0 0 0 13
Deciduous fruits and nuts 46 21 2 0 56 0 153 281 1,055 1,080
Grain and hay crops 0 882 0 441 0 1,732 1,874 1,668 0 181
Field crops 2,665 2,316 2,092 2,605 3,172 6,589 2,116 3,336 892 454
Truck and berry crops 380 1,094 137 0 946 463 3,193 2,061 147 285
Pasture 1,195 1,045 62 0 521 380 1,851 556 270 167
Vineyards, O 202 0 0 0 0 23 1,174 0 153
Rice    :’ ’ ’0 0 0 0 0 0 26 0 0 0
Idle 0 23 0 38 0 646 34 1 0 1
Semiagficultural 0 34 0 2 0 47 40 128 0 32
Native 1,544 111 1,094 135 2,750 528 332 507 250 245
Urban 0 111 46 213 5 51 279 428 0 5
Undesignated 29 0 0 0 2,986 0 53 0 0 0

Total acres ~ ~ ~ ~ ~ ~ ~ "~,140 ~
Double-crop acres 0 0 0 0 0 0 0 165 0 0



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea
Land use                   11                    12                     13                     14                     15

1968      1991       1968      19’91        1968      1991       1968      1991       1968       1991

Subtropical fruits 0 0 0 0 0 0 0 20 0 0

Deciduous fruits and nuts 0 0 0 0 203 115 172 420 166 49
Grain and hay crops 0 358 <1 0 0 357 0 3,263 1,381 1,306
Field crops 0 0 0 0 655 889 6,832 3,879 1,670 3,424
Truck and berry crops 0 0 84 0 53 0 2,173 2,126 2,499 3,049
Pasture 0 0 22 78 151 0 551 1,170 5,049 3,134
V’meyards 0 0 0 0 0 0 0 537 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 0 0 0 0 3 0 23 0 33

Semiagricultural 0 0 0 174 0 12 0 80 63 148

Native 31 444 650 350 492 165 2,250 440 293 251

Urban 1,529 836 1,925 2,079 174 188 <1 9 381 585
Undesignated 78° 0 <1 0 0 0 0 13 477 0

Total acres ~ ~ ~ ~ 1,728 ~ 11,978 11,980 11,979 11,979
Double-crop acres 0 0 0 0 0 0 0 0 0 0

Subarea

Land use 16 17 18 19 20

1968 19,91 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 ’0 " ’ ’ 0 0 0 0 0 0
Deciduous fruits and nuts 0 0 0 0 41 211 0 0 1,541 1,509
Grain and hay crops 0 347 0 127 12 1,473 1,573 3,299 424 871
Field crops 1,389 1,551 3 39 0 1,944 4,870 5,211 3,529 2,537
Track and berry crops 647 0 0 0 143 1,054 3,574 357 1,270 1,952
Pasture 317 1,100 <1 22 167 2,790 <1 1,039 1,793 332
Vineyards 0 0 0 0 0 122 0 191 81 1,003
Rice 0 0 0 0 0 0 0 0 0 0

Idle 0 1,373 0 67 0 20 95 134 0 267
Semiagricultural 0 14 0 0 <1 80 7 52 80 139
Native 3,198 1,149 569 243 128 266 779 954 103 126
Urban 0 16 0 72 0 0 68 39 0 84
Undesignated 0 0 0 0 7,224 0 75 0 0 0

Total acres ~ ~ 572 b=~ 7,715 ~ 11,0~ 11,2--7"6 ~ ~
Double-crop acres 0 0 0 0 0 245 0 235 0 0



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 21 22 23 24 25

1968 1991 1968 1991 1968 1991 19,68 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 28 <1 423 435 250 275 8 0 28 14
Grain and hay crops 0 147 0 586 0 2,665 0 0 2,027 2,830
Field crops 166 0 988 705 5,422 4,922 625 0 3,939 2,688
Truck and berry crops 97 0 412 234 509 199 525 7 3,839 3,136
Pasture 0 179 143 218 91 351 470 0 508 1,534
Vineyards 0 0 0 21 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 9 0 0 0 0 0 0 0 214
Semiagricultural 0 4 0 28 0 40 0 124 60 114
Native 123 42 445 190 2,642 446 293 366 859 779
Urban 88 122 21 17 23 39 37 2,759 219 272
Undesignated 0 0 0 0 0 0 1,299 0 101 0

Total acres b=’0~ ~ ~ ~ ~ ~-~
Double-crop acres 0 0 0 0 0 0 0 0 0 0

Subarea

Land use " 26 27 28 29 30

19’68 1991 1968 1991 1968 1991 19’68 1991 19’68 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 106 I18 118 0 357 338 0 0 0 0
Grain and hay crops 0 290 0 0 0 0 0 1,993 0 228
Field crops 655 628 <1 0 0 0 4,299 3,396 621 201
Truck and berry crops 412 233 4 0 49 ! i0 856 0 0 366
Pasture 96 ~62 0 0 <1 0 76 0 299 413
V’meyards 0 0 0 112 0 0 0 0 0 0
Rice. 0 0 0 0 0 0 0 0 0 0
Idle 0 0 0 0 0 45 0 4 0 0
Semiagricultural 0 39 0 8 0 6 0 18 0 6
Native 322 122 8 10 16 36 1,673 1,340 386 130
Urban 0 0 0 0 3 0 11 165 0 29
Undesignated 0 0 0 0 0 0 0 0 65 0

Total acres ~ 1,592 ~ 13---0 425
Double-crop acres 0 0 0 0 . 0 0 0 0 0 0



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 31 32 33 34 35

1968 1991 1968 1991 19,68 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 62 53 23 0 0 0 0 0 139 162
Grain and hay crops 0 261 0 157 513 804 0 0 147 115
Field crops 1,066 743 0 0 2,391 732 297 540 938 675
Truck and berry crops 2,400 2~9."]~" 0 0 1,710 1,205 195 0 239 240
Pasture 2,491 2,~42 1,864 1,652 1,206 1,091 37 0 610 101
Vineyards 0 .... 0-- 0 0 0 0 0 0 0 782
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 37 0 433 0 69 2, 533 13 0 25
Semiagricultural 0 24 47 52 0 12 8 6 0 15
Native 838 475 1,206 769 344 1,231 322 2,869 88 49
Urban 0 25 256 332 192 1,227 0 0 0 0
Undesignated 0 22 0 0 15 0 35 0 0 0

Total acres 6,857" ~ 3,396 ~ ~ ~ 3,427 3,428 2,161
Double-crop acres 0 0 0 0 0 0 0 0 0 0

Subarea

Land use 36 37 38 39 40

1968 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 ’ 0 0 0 - 0 0 ’0 0
Deciduous fruits and nuts 0 0 0 0 0 94 13 75 180 132
Grain and hay crops 0 0 0 0 0 1,190 0 6,089 686 932
Field crops 0 0 571 0 0 2,815 11,658 8,281 2,331 2,195
Truck and berry crops 0 0 0 0 0 249 4,771 4,217 250 475
Pasture 0 0 2,355 2,805 0 600 5,287 4,444 2,558 2,033
Vineyards 0 0 0 0 0 53 0 716 0 310
Rice 0 0 0 0 0 0 0 0 325 0
Idle 0 0 0 16 0 422 0 381 51 0
Serniagricultural 0 0 0 9 0 192 10 377 36 63
Native 0 87 626 729 0 1,002 3,780 1,319 141 348
Urban 772 685 8 0 0 4,360 153 245 0 71
Undesignated 0 0 0 0 10,976 1 159 3 0 0

Total acres 772 772 ~ ~ ~ ~ 25,831 2---~, 147 ~
Double-crop acres 0 0 0 0 0 0 0 316 0 0



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resoumes’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 41 42 43 44 45

1968 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 23 28 0 0 0 0 0 0 0 0
Grain and hay crops 0 665 0 189 151 0 102 167 1 0
Field crops 1,495 1,511 ..... 1,787 2,569 ,105 0 201 768 <1 0
Truck and berry crops 1,906 1,027 597 242 222 0 385 307 0 0
Pasture 3,538 3,911 133 320 0 0 259 185 0 0
Vineyards 0 .... if" 0 0 0 0 0 213 0 0
Rice 0 0 0 0 0 0 600 0 0 0
Idle 0 235 0 25 0 0 0 0 0 0
Serniagricultural 0 272 0 15 0 14 10 9 0 0
Native 2,069 501 1,115 260 183 129 203 99 33 149
Urban 578 1,569 0 10 301 828 0 0 2,025 1,911
Undesignated 0 25 0 0 9 <1 9 23 0 0

Total acres ~ 9,744 ~ ~ 97--i- 97i ~ ~ 2,059
Double-crop acres 0 134 0 0 0 0 0 0 0 0

Subarea

Land use 46 47 48 49 50

1968 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 0 0 0 0 0 0 0 0 0 0
Grain and hay crops 0 390 0 0 0 1,146 0 172 0 2,926
Field crops 716 613 759 0 2,232 1,575 929 438 1,730 63
Truck and berry crops 471 254 ’ 0 0 306 0 837 1,147 434 0
Pasture 0 0 0 0 0 0 180 381 689 304
Vineyards 0 0 0 0 0 0 0 0 0 0
Rice 0 0 ¯ 0 0 0 0 0 0 0 0
Idle 0 0 0 0 0 0 0 32 0 481
Semiagricultural 0 <1 0 0 0 4 0 32 63 14
Native 1,165 1,089 545 1,304 2,039 1,851 479 214 1,315 442
Urban 0 0 0 0 0 <1 0 9 0 0
Undesignated 0 7 0 0 0 0 0 0 0 0

Total acres ~ 2,353 ~ 1,304 4,577 ~ 2,42-’~ ~ ~ 4,230
Double-crop acres 0 0 0 0 0 0 0 0 0 0



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 51 52 53 54 55

1968 1991 1968 1991 1968 1991 1968 1991 t968 1991

Subtropical fruits 0 0 0 32 0 0 0 0 0 0
Deeiduous fruits and nuts 0 0 3 1 0 0 0 0 0 0
Grain and hay crops 0 1,334 0 401 0 0 0 1;344 0 643
Field crops 4,074 3,464 1,216 2,916 402 2,215 2,638 1,982 1,083 1,001
Tmek and berry crops 26 0 2,932 1,017 4,422 2,908 605 123 1,896 863
Pasture 0 0 0 6 0 0 0 0 0 389

0 0 238 475 0 57 0 0 12 0Vineyards
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 46 0 50 0 29 0 0 0 139
Semiagricultural 0 25 0 32 0 36 0 11 0 17
Native 1,347 581 3,385 2,843 1,780 1,407 1,190 967 730 604
Urban 0 0 0 1 0 25 0 7 0 66
Undesignated 3 0 0 0 73 0 0 0 2 0

Total acres               "" ~ ~ 7,774 7,774 ~,,677 6,677 ~ ~ ~ 3,722
Double-crop acres 0 0 0 0 0 0 0 0 0 0

Subarea

Land use 56 57 58 59 60

1968 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 ’ 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 0 3 0 0 0 0 0 0 0 0
Grain and hay crops 767 596 0 1,309 71 712 922 1,756 765 1,073
Field crops 1,600 2,217 1,752 574 3,678 4,535 2,611 930 4,205 2,169
Truck and berry crops 623 405 0 15 2,549 1,025 798 2,582 1,068 1,952
Pasture 1,729 691 22 292 105 19 1,229 0 0 685
Vineyards 0 511 0 0 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 146 0 81 0 133 0 267 0 0
Semiagricultural 0 25 0 3 ,0 32 0 32 0 13
Native 323 488 791 289 644 670 391 311 800 834
Urban 0 0 0 0 0 0 0 82 0 112
Undesignated 37 0 0 0 80 0 0 0 0 0

Total acres
Double-crop acres 0 0 0 0 0 0 0 8 0 0



Table 7o Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 61 62 63 64 65

19,68 1991 1968 1991 1968 1991 1968 1991 19,68 1991

Subtropical fruits 0 0 0 0 0. 0 0 0 0 0
Deciduous fruits and nuts 0 0 0 0 0 0 0 0 36 7
Grain and hay crops 0 1,318 0 134 755 446 0 1,890 0 85
Field crops 6,760 934 521 952 623 152 1,493 931 582 1,067
Truck and berry crops 118 3,238 0 0 591 192 1,245 512 1,636 1,346
Pasture 0 1,481 0 0 0 1,276 0 0 2,013 1,977
Vineyards 0 0 0 0 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 0 0 0 67 0 0 0 0 68
Semiagricultural 0 11 0 0 0 4 0 4 0 99
Native 901 798 1,280 702 236 184 1,111 735 607 191
Urban 0 79 0 22 0 18 11 29 0 78
Undesignated 0 0 9 0 0 0 0 0 43 0

Total acres ~ ~ ~ 1,8-7-0 ~ ~ ~ ~ ~
Double-crop acres 0 79 0 0 0 0 0 241 0 0

Subarea

Land use ,- 66 67 68 69 70 ~’-

19,68 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 7 0 0 0 0 0 170 123 0 0
Grain and hay crops 0 84 0 0 0 292 0 693 0 0
Field crops 622 809 1,097 0 2,431 1,586 1,234 356 110 242 i~1
Track and berry crops 680 518 0 0 1,491 517 618 1,215 , 351 260
Pasture ~ 2,004 1,576 99 1637 2,317 2,257 1,450 1,454, 304 328
Vineyards 0 0 0 0 0 29 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 32 0 1,287 0 1,664 0 0 0 50
Semiagricultural 19 116 0 9 0 37 0 7 13 24
Native 582 342 964 206 1,236 1,094 692 360 291 167
Urban 186 624 15 35 0 0 0 28 21 20
Undesignated 0 0 0 0 0 0 73 0 0 0

Total acres 4,10-0-0 4,101 2,175 ~ 7,47--~ ~ ~ ~ ~
Double-crop acres 0 0 0 0 0 0 0 0 0 0
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Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 81 82 83 84 85

1968 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fmits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 0 0 0 0 0 0 2 5 31 40
Grain and hay crops 0 0 88 130 0 2,537 0 72 0 233
Field crops 0 56 139 212 2,357 1,231 432 438 703 .~.,.6_0~
Track and berry crops 64 0 223 0 1,152 265 337 346 2,805 1,~459
Pasture 95 61 236 308 0 0 15 192 1,049 .1.,9~_4.~
Vineyards 0 50 0 0 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 0 0 0 0 26 0 13 0 39
Semiagricultural 0 0 0 3 0 221 0 8 10 70
Native 0 0 58 90 1,089 319 533 247 1,394 360
Urban 0 0 0 0 0 0 0 0 156 412
Undesignated 7 0 0 0 0 0 0 0 12 0

Total acres ~ ~ 7-~ 74---~ ~ ~ 1,319 1,321 6,160 ~
Double-crop acres 0 0 0 0 0 0 0 0 0 0

"- Subarea

Land use 86 87 88 89 90

1968 1991 1968 1991 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0 ’1~
Deciduous fruits and nuts 0 0 0 0 0 0 0 0 17 6
Grain and hay crops 0 0 0 0 0 795 0 0 0 68
Field crops 0 0 1,113~ 225 0 220 355 73 76 0
Truck and berry crops 47 51 112 582 0 0 0 0 5 98
Pasture 7 0 211 1,616 790 0 987 955 238 258
Vineyards 0 0 0 0 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 8 0 659 0 0 0 328 0 0
Semiagricultural 0 0 0 54 0 0 0 0 0 0
Native 107 87 2,039 350 1,320 1,096 173 159 127 14
Urban 54 69 11 0 0 0 0 0 5 92
Undesignated 0 0 0 0 0 0 0 0 0 0

Total acres 21-~ 21"-"~ ~ 3,48--~ 2,110 2,111 1,515 ~ ~’~
Double-crop acres 0 0 0 0 0 0 0 0 0 68



M
Table 7. Land use in 1968 and 1991 for subareas of the CaUfomia Department of Water Resources’ delta island consumptive-use model of the Sacramento.Sano
Joaquin Delta, California--Continued

~0 Land use
~ 91 Subarea

92~ --------- 1968 1991 93
u~ Subtropical fruits 1968 1991 19,68

94
95" Deciduous fruits and nuts 0 0 1991 1968 1991 1968 1991

~ Grain and hay crops 0 0 0 0 0 0 0 0 0

o 0 273 222 0 0 0 0 0 79

? Field crops 0 24 16 91 0 268 29 0 259 571

~ Truck and berry crops 176 0 349 192 561 784 250 168 545 1,193

~ Pasture 219 44 15 8 304 16 190 159

Vineyards 132 514 151 59 601 217 0 267 190

~ Rice 0 0 <I 64 0 0 171 2,264
Idle 0 0 0 0 0 0 685
Semiagricultural 0 0 0 <I 0 0Native 0 16 2 0 0 0-" Urban 39Y 275 13 107 0 0

~ <1 0 31
,~ Undesignated 9 58 7,68_4 15,036 ~ .,o 75 0 0 18,~ ~. Total acres .___QO 0 .... 152 1 "~" 3,255 64 ^. 0

~ uouble-cro ac 931 ~ ~ 0 2,839 ~4 8...... crop acres
0

931 15,837 ~ 519 <~ 0 0 6~0 1,428

Land use
(

~ . 0 0 4,26~Subarea

1968                                                        981991                                                                 99Subtropical fruits 1968 1991 1968 1991 100Deciduous fruits and nuts            0 0          0 1968 --Grain and hay crops 0 0 5 0 0 0
0                                           1991        1968       1991Field crops 0 0 0 0 0 0 0Truck and berry crops 189 73 0 0 76 89 00          87          0                        0           0                       0          0Pasture 0 190 1 35 30 0 383 181

Vineyards 0 0 0 0 52 0 611 1,067
Rice 0 2 79 0 0 0 369

0          0                     0         0          0        92                   276Idle                           0         0 10 0 0 0 129Semiagricultural 0 0 0 0 0 0 00         0       14         0                  0                  0Native 0 0 9 2 0 0 0Urban 38 36 32 0 0 0Undesignated 0 0 90 0 54 0
Total acres 0 45 I 1 0 0

0 55 3 3 0
13 600 0 3Double-cro~ ~c~ ~ ~ ~0 a 27 ^_ 490_-- ...... ~.v v 0 Z~" - ..... 0 ^ 254 ~ 0 ^ 24 ,~ 60- o o ~ 3-9 ~ ~ o ~ 3~ 0 vy /32 7~ _ t 0



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use mod,el of the Sacramento-San
Joaquin Delta, California--Continued

Subarea

Land use 101 102 103 104 195

19,68 19’91 19,68 1991 19,68 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 0 0 187 269 5,309 ,~ 55_,5.5.05..~ 0 0 0 0
Grain and hay crops 452 269 352 20 645 ¯--2,429 0 0 224 0
Field crops 1,060 1,924 551 0 6,008 ~12~[12~ 0 0 5 0
Track and berry crops 22 130 479 251 14,308 4,654 0 0 90 0
Pasture 2,676 1,293 421 14 16,390 ...-i~ 1~ 0 0 <1 0
Vineyards 0 303 0 167 0 ~470~ 0 0 0 0
Rice 69 0 0 0 98 0 0 0 0 0
Idle 0 57 0 190 0 1,751 0 0 0 296
Semiagricultural 0 59 17 147 406"      939 0 0 0 0
Native 747 938 781 847 5,326 2,802 89 89 59 82
Urban 1 96 452 1,340 6,154
Undesignated 42 0 3 0 184 "--"-6~r-" 0 0 0 0

Total acres
Double-crop acres 0 0 0 0 0 348 0 0 0 0

Subarea

Land use

1968 1991 1968 19’91 1968 1991 1968 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 0 0 0 0 0 0 0 0 0 0
Grain and hay crops 1 0 734 0 0 71
Field crops 15 0 813 739 402 0 0 0 0 0
Track and berry crops <1 0 1,536 1,711 397 60 0 0 0 0
Pasture ’ 0 0 2 563 0 0 0 0 0 0
Vineyards 0 0 0 0 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 19 0 0 0 0 0 0 0 0
Semiagficultural 0 0 0 12 0 0 0 0 0 0
Native 90 84 153 267 85 112 130 130 195 195
Urban 0 0 0 0 0 0 0 0 0 0
Undesignated 0 4 55 0 0 0 0 0 0 0

Total acres 1-~
Double-crop acres 0 0 0 0 0 0 0 0 0 0



co "/’able 7, Land use in 1968 and 1991 for subareas of the

t~
Joaquin Detta, California--Continued

California Department of Water Resources,

~ delta island consumptive.use model
© of the Sacramento-San~ Land use
~ 111 Subarea
= 1968 112
.~ Sub~ropical fruits 1991 1968 ~ 113
~n Deciduous fruits and nuts 19,91 1140 0 1968 1991 115~ Grain and hay crops 0 0 0 0 1968 1991Field crops 0 273 0 0 0 0 0 0 0 0

Track and berry crops
0 0 0 0 19.68 1991477        0         0                  69       126         0        0         0

Pasture 1,329 1,533 0 586 682 0 0 254 0
Vineyards 0 171 0 0 926 85 0 0 351
Rice 138 0 0 0 544 0 169 55
Idle 0 0 0 0 1,182 0 214S~,emiagricultural 0 397 0 0 0 0 0 0 0r~ative 0 57 0 0 0 0 0 0 0 222Urban 926 0 0 0 45 0 0 0 0Undesignated 436 248 18 0 019 22 250 43 0 0Total acres

,,2,~
~

0 0 58 0 0111 0 0
Double-crop acres              ’                         2                     0                    87                     00              39              87               70 0 ~O ~ 6 0 0 0 92 9~

o o o o
n 87 7-~ 0La 0 ’ ~-7 ~ 0

----_ 116 Subarea ’~ 0
~ 7~0811719,68 1991 118Subtropical fruits 1968 19’91 119Deciduous Emits,and nuts             0          0 1968 1991 1;20Grain and hay crops 0 209 0 0 0 0 1968 1991

0 0 1968 1991Field crops 718 264 370 320 0 0 0 0
Truck and berry crops 366 178 118 0 0 0Pasture 561 266 342 0 0 0Vineyards 65 523 0 0 0Rice 785 148 0 3,208 00                         0                         0                     6,407                       118Idle                                        0                   194                     0                 5,204                   529 0 337 249 7310 0 0 0 0 0 165 746Semiagricu!tur~

0 8 0 0 0 0 0 0 0 0

0 0 0 0 0 83Native 0 6 0 <1 0 0 0 18 0 0
Urban 230 209 85 0 0 0Undesignated 0 17 92 0 0 0Total acres 0 182<1 18 0 0Double c ~ 0 2 17 0~,~,~u~e-crop acres ~ 1 o,~o __.____0 n 0 n 3,276 1 n~¢ 0 ,~,~

" 0 . 1,09--~ ~ 0 ,, 0 . 260 ,~,-.
u = ,v~o

l u Y 1o ~ ~ o 06t~ 0 ~’~ 182 ~ 0 - 00 0 ~’~) ~0 ~ 1,<I



Table 7. Land use in 1968 and 1991 for subareas of the California Department of Water Resources’ delta island consumptive-use model of the Sacramento-San
Joaquin Delta, Califomia--Continue,d

Subarea

Land use 121 122 123 124 125

1968 1991 1968 1991 19,68 1991 19,68 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts <1 0 0 0 0 0 0 0 <1 0
Grain and hay crops 0 67 0 651 0 0 0 177 0 0
Field crops 29 59 ’ 613 323 0 0 244 108 <1 0
Truck and berry crops 2 <1 411 0 0 0 127 177 1 0
Pasture 256 252 1,139 952 0 0 0 0 <1 0
Vineyards 0 0 0 0 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 0 0 0
Idle 0 7 0 893 0 0 0 0 0 0
Semiagricultural 0 11 0 28 0 0 0 0 0 0
Native 5,313 6,112 6,690 5,185 636 636 181 90 803 1,123
Urban 21 19 103 402 0 0 0 0 <1 1
Undesignated 924 19 0 522 0 0 0 0 321 < 1 tO

Total acres ~ ~-3T6 ~ ~ ~-6 ~ 55"-~ 3"~ ~ 1,124
Double-crop acres 0 0 0 0 0 0 0 0 0 0

Subarea

Land use 126 127 128 129 130 ~’-

1968 1991 1968 1991 1968 1991 19,68 1991 1968 1991

Subtropical fruits 0 0 0 0 0 0 0 0 0 0
Deciduous fruits and nuts 0 7 0 0 0 0 68 23 13,611 6,045
G}ain and hay crops 0 2,811 0 0 0 219 0 531 8 3,415
Field crops 581 6,597 1,357 0 787 0 549 552 1,681 2,244 121
Truck and berry crops 2,780 2,217 0 0 0 0 591 182 6,409 6,176
Pasture 1,215 1,039 :0 0 1,450 2,330 1,1,57 924 3A76 3,018
Vineyards ~ 0 0 0 0 0 0 59 46 145 255
Rice 696 0 0 0 0 0 0 0 0 0
Idle 0 387 0 0 0 558 0 438 208 3,338
Semiagricultural 0 32 0 0 0 26 83 64 6 571
Native 1,612 1,567 890 2,247 2,303 1,390 3,402 2,605 6,641 3,650
Urban 3 189 0 0 41 155 114 599 891 4,152
Undesignated 7,768 13 0 0 111 15 4 0 3 __7-

Total acres 14,655 ~ 2,247 2,247 ~ ~ ~ ~ ~,779 32,g7i"
Double-crop acres 0 204 0 0 0 0 64 <1 8 99
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SUMMARY REFERENCES CITED

Partial data on drainage returns and surface-California Department of Water Resources, 1956, Quantity
water withdrawals from Marcia 1994 through January and quality of waters applied to aad drained from the
8, 1996, are presented for areas of the Sacramento-Sandelta lowlands: California Department of Water
Joaquin Delta.These areas cover most of the delta. Resources Investigation of the Sacramento-San Joaquin
Measurements were made using flowmeters installedDelta Report no. 4, 30 p.
in drain pipes and siphons, and estimates were made__ 1971, Land use in California: Bulletin 176, 16 p.
using electric power-consumption data with pump-~ 1993, Sacramento-San Joaquin Delta Atlas: Divi-
efficiency-test data. In 1995, measured drainage sion of Planning, 121 p.
returns for Twitchell Island totaled about 11,200 __ 1995, Estimation of delta island diversions and
acre-feet, whereas estimated drainage returns calcu- return flows: California Department of Water
lated from power-consumption data totaled about Resources, Division of Planning, 134 p.
10,600 acre-feet. Drainage-return estimates for most ofDiamond, Jonathan, and Williamson, A.K., 1983, A sum-
the delta totaled about 430,000 acre-feet for 1995. Sur- mary of ground water pumpage in the Central Valley,
face-water withdrawals onto Twitchell Island mea- California: 1961-77: U.S. Geological Survey Water-
sured for 12 of 21 siphons totaled about 2,400 acre-feet Resources Investigations Report 83-4037, 70 p.
for 1995. Ogilbee, William, and Mitten, H.T., 1970, Acontinuing pro-

Data on changes in delta land use between 1968gram for estimating ground-water pumpage in Califor-
and 1991 are also presented. Maps of land use in 1968nia: U.S. Geological Survey Open-File Report, 22 p.
were digitized and stored in a geographic informationSchwankl, L.J., and Hanson, B.R., 1993, Flow meter perfor-
system (ARC/INFO) and compared with digital land- mance: California Committee on the Relation of
use information for 1991. Between 1968 and 1991, Energy to Agriculture, CREA Report no. 92-02. 30 p.
native vegetation in the delta decreased by 25 percent
(about 40,000 acres), and grain and hay crops increased
by 340 percent (about 71,000 acres). For Twitchell
Island, native vegetation decreased about 77 percent
(about 850 acres), while field-crop acreage increased
by about 44 percent (about 780 acres).
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